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Abstract
The experimental data on p, Λ, Ξ−, Ω−-baryons and the corresponding antibaryons
spectra obtained by different collaborations are compared with the results of the calcu-
lations performed into the frame of the Quark-Gluon String Model. The contribution
of String Junction diffusion and the inelastic screening corrections are accounted for
in the theoretical calculations. The predictions of the Quark-Gluon String Model both
for pp and pA collisions are extended up to the LHC energies.
PACS. 25.75.Dw Particle and resonance production
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1 Introduction
The study of hadron production has a long history in high-energy particle and nuclear
physics, as well as in cosmic-ray physics. The absolute yields and the transverse mo-
mentum (pT ) spectra of identified hadrons in high-energy hadron-hadron collisions are
among the most basic physical observables. They can be used to test the predictions
for non-perturbative quantum chromodynamics (QCD) processes like hadronization
and soft-parton interactions, and the validity of their corresponding implementation in
Monte Carlo (MC) event generators [1, 2, 3].
Among the different available phenomenological models, in this paper we will con-
sider the Quark-Gluon String Model (QGSM) [4, 5], based on the Dual Topological
Unitarization, Regge phenomenology, and nonperturbative notions of QCD, and that
has been successfully used for the description of multiparticle production processes in
hadron-hadron [6, 7, 8, 9, 10] and hadron-nucleus [11, 12, 13, 14, 15] collisions.
In the QGSM high energy interactions are considered as proceeding via the exchange
of one or several Pomerons, and all elastic and inelastic processes result from cutting
through or between Pomerons [16]. Inclusive spectra of hadrons are related to the
corresponding fragmentation functions of quarks and diquarks, which are constructed
using the Reggeon counting rules [17].
In the case of interaction with a nuclear target, the Multiple Scattering Theory
(Gribov-Glauber Theory) is used, what allows to consider the interaction with nucleus
as the superposition of interactions with different numbers of target nucleons [11].
The QGSM gives a reasonable description of a lot of experimental data on baryons
and strange hyperons production in hadron-hadron collisions for wide energy range
going from fixed target experiments up to LHC [6, 7, 8, 10, 9, 11, 12, 13, 14, 15]. In
this paper we extend the model to the study the multistrange hyperon production.
The multistrange baryons, Ξ− (dss), and Ω− (sss), are particulary important in
high energy particle and nuclear physics, due to their dominant strange quark (s-
quark) content. Since the initial-state colliding projectiles contain no strange valence
quarks, all particles in the final state with non-zero strangeness quantum number should
have been created in the course of the collision. Moreover, the energy of the Large
Hadron Collider (LHC) and its high luminosity allow for an abundant production of
strange hadrons. These two factors make multi-strange baryons a valuable probe in
understanding the particle production mechanisms in high energy collisions.
A remarkable feature of strangeness production is that the production of each ad-
ditional strange quark featuring in the secondary baryons, i.e., the production rate of
secondary B(qqs) over secondary B(qqq), then of B(qss) over B(qqs), and, finally, of
B(qss) over B(sss), is affected by one universal strangeness suppression factor, λs:
λs =
B(qqs)
B(qqq)
=
B(qss)
B(qqs)
=
B(qss)
B(sss)
, (1)
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together with some simple combinatorics [13, 18, 19].
It will be shown below that λs slightly increases with initial energy, the experimental
data favoring the value λs=0.22 at fixed target eneries (
√
(s) ≤ 30 GeV), that becomes
λs=0.32 at larger RHIC and LHC energies. This energy dependence can be connected
to an increase of hardness of the interacton, i.e. to the increase of the secondaries
average transverse momenta [20].
Significant differences in the yields of baryons and antibaryons in the central (midra-
pidity) region are evident at not very high energies. This effect can be naturally ex-
plained [8, 9, 10, 21, 22, 23] by the structure of baryons in QGSM, i.e. baryons of three
valence quarks together with a specific configuration of the gluon field, called String
Junction [24, 25, 26, 27].
At very high energies the contribution of the enhanced Reggeon diagrams becomes
important, leading to a new phenomenological effect, the suppression of the inclusive
density of secondaries [28] in the central (midrapidity) region.
We present a brief description of the model in Section 2. In Section 3 we show
the comparison of our numerical calculations with the existing experimental data on
secondary baryons and antibaryons production in pp and pA collisions. Conclusion
remarks are given in Section 4.
2 QGSM formalism
2.1 General approach
The QGSM [4, 6, 7] allows one to make quantitative predictions for different features
of multiparticle production, in particular, for the inclusive densities of different secon-
daries, both in the central and in the beam fragmentation regions.
In QGSM, each exchanged Pomeron corresponds to a cylindrical diagram, and thus,
when cutting one Pomeron, two showers of secondaries are produced (see Fig. 1 a,b).
The inclusive spectrum of a secondary hadron h is then determined by the convolu-
tion of the diquark, valence quark, and sea quark distributions, u(x, n), in the incident
particles, with the fragmentation functions, Gh(z), of quarks and diquarks into the
secondary hadron h. Here n is the number of cutted Pomerons in the considered dia-
grams. Both the distributions and the fragmentation functions are constructed using
the Reggeon counting rules [17].
In particular, in the case of n > 1, i.e. in the case of multipomeron exchange, the
distributions of valence quarks and diquarks are softened due to the appearance of a
sea quark contribution.
The details of the model are presented in [4, 6, 7, 10]. The average number of
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Figure 1: (a) Cylindrical diagram representing a Pomeron exchange within the DTU classification
(quarks are shown by solid lines); (b) One cut of the cylindrical diagram corresponding to the single-
Pomeron exchange contribution in inelastic pp scattering.
exchanged Pomerons 〈n〉pp slowly increases with the energy. The values of the Pomeron
parameters have been taken from [7].
For a nucleon target, the inclusive rapidity, y, or Feynman-x, xF , spectrum of a
secondary hadron h has the form [4]:
dn
dy
=
xE
σinel
· dσ
dxF
=
∞∑
n=1
wn · φhn(x) , (2)
where the functions φhn(x) determine the contribution of diagrams with n cut Pomerons,
wn [4] is the relative weight of this diagram. Here we neglect the numerically small
contribution of diffraction dissociation processes.
In the case of pp collisions:
φhn(x) = f
h
qq(x+, n)·fhq (x−, n)+fhq (x+, n)·fhqq(x−, n)+2(n−1)·fhs (x+, n)·fhs (x−, n) , (3)
x± =
1
2
[
√
4m2T/s+ x
2 ± x] , (4)
where fqq, fq, and fs correspond to the contributions of diquarks, valence quarks, and
sea quarks, respectively.
These contributions are determined by the convolution of the diquark and quark
distributions with the fragmentation functions, e.g.,
fhq (x+, n) =
∫ 1
x+
uq(x1, n) ·Ghq (x+/x1)dx1 . (5)
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2.2 String Junction contribution
In the string models, baryons are considered as configurations consisting of three con-
nected strings (related to three valence quarks), called String Junction (SJ) [24, 25, 26,
27], this picture leading to some quite general phenomenological predictions.
The production of a baryon-antibaryon pair in the central region usually occurs via
SJ-SJ pair production (SJ has upper color indices, whereas anti-SJ (SJ) has lower
indices), which then combines with sea quarks and sea antiquarks into a BB pair [26],
as it is shown in Fig. 2a.
Figure 2: QGSM diagrams describing secondary baryon production: (a) usual BB central production
with production of new SF pair; (b) initial SF together with two valence quarks and one sea quark;
(c) initial SF together with one valence quark and two sea quarks; (d) initial SF together with three
sea quarks.
In the case of central production of baryon−antibaryon pairs (Fig. 2a) the fragmen-
tation functions of any quarks and diquarks into antibaryons are proportional to
G(z) = aB · (1− Z)βB , (6)
where parameters aB and βB take different values for different antibaryon states. The
parameter βB was described in [10, 11, 13, 29]. In the central region, z → 0, the
values of the parameter aB in the fragmentation functions of Eq. 5 for p, Λ, Ξ, and Ω
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productions are connected by the following relation [13]:
ap : aΛ : aΞ : aΩ = 1 :
√
(5/2) · λs :
√
(3/4) · λ2s :
√
(1/4) · λ3s , (7)
where λs is the strangeness suppression factor (see Introduction), and the numerical
factors
√
5/2,
√
3/4, and
√
1/4 are determined by quark combinatorics [10, 18, 19].
The value of the parameter ap for p production was determined by comparison with
the experimental data on antiproton production in pp collisions at different energies to
be [11, 13, 29]
ap = 0.18. (8)
The comparatively large value for Λ production comes from the fact that many
strange hyperon resonances (e.g. Σ∗(1385)) decay into Λ and not into Σ.
By using the relations between ap, aΛ, aΞ and aΩ in Eq. (7), that derive from
simple quark combinatorics [10, 18, 19], we can calculate the aB constants in Eq. (6)
corresponding to the central production of any strange and multistrange antibaryon in
the diagrams describing the central BB pair production (see Fig. 2a).
However, in the processes with incident baryons another possibility exists to produce
a secondary baryon in the central region, called SJ diffusion (see figs. 2b,c,d).
To obtain the net baryon charge, and according to ref. [10], we consider three
different possibilities. The first one is the fragmentation of the diquark giving rise to
a leading baryon (Fig. 2b). A second possibility is to produce a leading meson in the
first break-up of the string and a baryon in a subsequent break-up [17] (Fig. 2c). In
these two first cases the baryon number transfer is possible only along short distances
in rapidity. In the third case, shown in Fig. 2d, both initial valence quarks recombine
with sea antiquarks into mesons, M , while a secondary baryon is formed by the SJ
together with three sea quarks [9, 10].
The fragmentation functions for the secondary baryon B production corresponding
to the three processes shown in Fig. 2b, 2c, and 2d can be written as follows (see [10]
for more details):
GBqq(z) = ap · vBqq · z2.5 , (9)
GBqs(z) = ap · vBqs · z2 · (1− z) , (10)
GBss(z) = ap · ε · vBss · z1−αSJ · (1− z)2 , (11)
where
ap = 1.33 (12)
is the normalization parameter, obtained earlier from the description of proton spectra
in pp collisions [11, 13, 29], and vBqq, v
B
qs, v
B
ss are the relative probabilities for different
baryons production that can be found by simple quark combinatorics [18, 19] (see
Table 1), and the factor ε accounts for the small probability of the process shown in
Fig. 2d to occur with respect to the processes in Figs. 2b,c.
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B p n Λ + Σ0 Ξ0 Ξ− Ω−
v0 4L
3 4L3 7.5L2S 3LS2 3LS2 S3
vu 3L
2 L2 (5/2)LS S2 - -
vd L
2 3L2 (5/2)LS - S2 -
vs - - (5/2)L
2 2LS 2LS S3
vuu 2L - (1/4)S - - -
vud L L S - - -
vdd - 2L (1/4)S - - -
vus - - (5/4)L S - -
vds - - (5/4)L - S -
vss - - - L L S
Table 1: The quark combinatorics providing the values of the parameter vBi in eqs. (8−10). Here
S/L = λs and 2L+ S = 1.
The probabilities vBqq, v
B
qs, v
B
ss depend on the vaule of the strangeness suppression
factor λs. In [10, 13] we used λs=0.32. In the present paper we show that λs = 0.22 is
in a better agreement with the main sample of the data at intermediate energies (see
section 3).
The fraction z of the incident baryon energy carried by the secondary baryon de-
creases from Fig. 2b to Fig. 2d. Only the processes in Fig. 2d can contribute to the
inclusive spectra in the central region at high energies if the value of the intercept of
the SJ exchanged Regge-trajectory, αSJ , is large enough. The analysis in [23] gives a
value of αSJ = 0.5 ± 0.1, that is in agreement with the ALICE Collaboration result,
αSJ ∼ 0.5 [30]. In the present calculations we use [23]:
αSJ = 0.5 and ε = 0.0757 . (13)
2.3 Interaction with nuclei at high energies and inelastic screen-
ing effects
In the calculation of the inclusive spectra of secondaries produced in pA collisions we
should consider the possibility of one or several Pomeron cuts in each of the ν blobs
of proton-nucleon inelastic interactions. For example, in Fig. 3 it is shown one of the
diagrams contributing to the inelastic interaction of a beam proton with two target
nucleons. In the blob of the proton-nucleon1 interaction one Pomeron is cut, while in
the blob of the proton-nucleon2 interaction two Pomerons are cut.
The contribution of the diagram in Fig. 3 to the inclusive spectrum is:
dn
dy
=
xE
σpAprod
· dσ
dxF
= 2 ·WpA(2) · wpN11 · wpN22 ·
{
fhqq(x+, 3) · fhq (x−, 1) +
+ fhq (x+, 3) · fhqq(x−, 1) + fhs (x+, 3) · [fhqq(x−, 2) + fhq (x−, 2) +
+ 2 · fhs (x−, 2)] } , (14)
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Figure 3: One of the diagrams for the inelastic interaction of one incident proton with two target
nucleons N1 and N2 in a pA collision.
where WpA(2) is the probability of interaction with namely two target nucleons.
It is essential to take into account all diagrams with every possible Pomeron con-
figuration and its corresponding permutations. The diquark and quark distributions
and the fragmentation functions are the same as in the case of pN interaction.
The total number of exchanged Pomerons becomes as large as
〈n〉pA ∼ 〈ν〉pA · 〈n〉pN , (15)
where 〈ν〉pA is the average number of inelastic collisions inside the nucleus (about 4 for
heavy nuclei at fixed target energies).
The process shown in Fig. 3 satisfies [31, 32, 33, 34] the condition that the absorp-
tive parts of the hadron-nucleus amplitude are determined by the combination of the
absorptive parts of the hadron-nucleon amplitudes.
The QGSM assumption of the superposition picture of hadron-nucleus interactions
gives a reasonable description [9, 11, 35] of the inclusive spectra of different secondaries
produced at energies
√
sNN = 14−30 GeV.
At RHIC energies the situation drastically changes. The spectra of secondaries pro-
duced in pp collisions are described rather well [9], but the RHIC experimental data for
Au+Au collisions [36, 37] give clear evidence of the inclusive density suppression effects
which reduce by a factor ∼0.5 the midrapidity inclusive density, when compared to the
predictions based on the superposition picture [38, 39]. This reduction can be explained
by the inelastic screening corrections connected to multipomeron interactions [28] (see
Fig. 4).
At energies
√
sNN ≤ 30−40 GeV, the inelastic processes are determined by the
production of one (Fig. 4a) or several (Fig. 4c) multiperipheral ladders, and the corre-
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Figure 4: (a) Multiperipheral ladder corresponding to the inclusive cross section of diagram (b), and
(c) fusion of several ladders corresponding to the inclusive cross section of diagram (d).
sponding inclusive cross sections are described by the diagrams of figs. 4b and 4d.
In accordance with the Parton Model [40, 41], the fusion of multiperipheral ladders
shown in Fig. 4c becomes more and more important with the increase of the energy,
resulting in the reduction of the inclusive density of secondaries. Such processes corre-
spond to the enhancement Reggeon diagrams of the type of Fig. 4d, and to even more
complicate ones. All these diagrams are proportional to the squared longitudinal form
factor of nucleus A [28]. On the contrary, the contribution of such diagrams becomes
negligible when the energy decreases, and they are also negligible for pp collisions up
to LHC energies.
In any case, all quantitative estimations of the importance of the contribution of the
enhanced diagrams are model dependent, since the numerical weight of the contribution
of the multipomeron diagrams is rather unclear due to the many unknown vertices in
these diagrams. In some models the number of unknown parameters can be reduced,
and, as an example, in reference [28] the Schwimmer model [42] was used for the
numerical estimations.
Another possibility to weight the contribution of the diagrams with Pomeron inter-
action comes [43, 44, 45, 46, 47] from Percolation Theory. The percolation approach
and its previous version, the String Fusion Model [48, 49, 50], predicted the multiplicity
suppression seen at RHIC energies, long before any RHIC data were measured.
In order to account for the percolation (inelastic screening) effects in the QGSM,
it is technically more simple [22] to consider a maximal number of Pomerons nmax
emitted by one nucleon in the central region that can be cut. These cut Pomerons lead
to the different final states. Then, the contributions of all diagrams with n ≤ nmax are
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accounted for as at lower energies. The larger number of Pomerons n > nmax can also
be emitted obeying the unitarity constraint, but due to the fusion in the final state (at
the quark-gluon string stage), the cut of n > nmax Pomerons results in the same final
state as the cut of nmax Pomerons.
By doing this, all model calculations become very similar to those in the percolation
approach. The QGSM fragmentation formalism allows one to calculate the integrated
over pT spectra of different secondaries as functions of the rapidity and xF .
In this frame, we obtain a reasonable agreement with the experimental data on
the inclusive spectra of secondaries produced in d+Au collisions at RHIC energy [22]
with a value nmax = 13, and in p + Pb collisions at LHC energy [14] with the value
nmax = 23. It has been shown in [51] that the number of strings that can be used for
the secondary production should increase with the initial energy.
3 Numerical results
3.1 The pp collisions
The existing experimental data for the integrated over the whole range of pT energy
dependence of p, p, Λ, Λ, and Ξ−, Ξ
+
hyperons production density dn/dy(| y |≤ 0.5)
in pp collisions, from fixed target to LHC energies [52, 53, 54, 55, 56, 57, 58, 59, 60, 61]
are compared with the results of the QGSM calculations in Table 2 and in Fig. 5.
The QGSM calculation for secondary p and p production in pp collisions performed
with the same values of the parameters ap=0.18 (see Eq. 7) and ap=1.33 (see Eq. 11)
used in our previous papers [11, 29], are in reasonable agreement with the experimental
data [54, 62, 63, 64, 65, 66, 67].
For all baryons (p, Λ, Ξ, Ω) and for their corresponding antibaryons, the calculated
values for dn/dy(| y |≤ 0.5) are shown in Fig. 5 by full curves, and for antibaryons by
dashed curves. The theoretical curves and the data on p and p production in Fig. 5
are shown as multiplied by a factor 10.
The data on Λ and Λ [53, 52] productions are reasonably described at the lower en-
ergies with the value λs=0.22, that should be increased up to λs=0.32 at
√
s ≥60 GeV.
This increase of the value of λs can be connected to the increase in the hardness of
the interaction, since then the non-zero value of the s-quark mass becomes not so sig-
nificant. Possibly, the same effect also leads to the increase of average pT [21]. At
intermediate energies the hardness of the interaction is relatively small and the pro-
duction of the s-quark, with a mass ms ∼ 0.3GeV , is seriously suppressed. At higher
enetgies, the hardness of the interaction increases and the effect of the finite s-quark
mass becomes not so important, what is refleted by the effective increase of the value
of the λs parameter. At extremely high energies, as the hardness of the interaction is
10
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10
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10
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Figure 5: The energy dependence of baryon and antibaryon production inclusive densities
dn/dy(| y |≤ 0.5) in the midrapidity region in pp collisions (baryons are shown by closed points
and full curves, and antibaryons by open points and dashed curves).
much larger, we expect λs → 1.
The yields of Ξ− and Ξ
+
produced at 158 GeV/c [54] and at LHC energies of 0.9
and 7 Tev [53] are well reproduced by correspondingly using the same values of λs=0.22
and λs=0.32.
In Fig. 5 we also present our prediction for Ω− and Ω
+
hyperon production.
We do not include in our analysis the ALICE Collaboration data for Ξ−, Ξ
+
, Ω−
and Ω
+
hyperons production [69] at 7 TeV for the reason that these data were measured
at transverse momenta pT > 0.6 GeV/c, and therefore they can not be compared to
integrated over the whole range of pT rapidity distributions.
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√
s (GeV) Reaction QGSM Experiment dn/dy (| y |≤ 0.5)
17.29 p + p → p 0.0605 0.0736± 0.015 [68]
p + p → p 0.024 0.054± 0.0014 [68]
27.45 p + p → p 0.0576 0.0736± 0.015 [62]
p + p → p 0.032 0.01869± 0.001 [62]
62.4 p + p → p 0.064 0.040± 0.003 [63]
p + p → p 0.0477 0.022± 0.002 [63]
200. p + p → p 0.0454 0.044± 0.004 [63]
p + p → p 0.0392 0.037± 0.003 [63]
900. p + p → p 0.111 0.106± 0.005 [65]
p + p → p 0.111 0.083± 0.006 [66]
p + p → p 0.107 0.079± 0.005 [66]
p + p → p 0.107 0.104± 0.003 [65]
2760. p + p → p 0.138 0.124± 0.003 [65]
p + p → p 0.135 0.1235± 0.0035 [65]
7000. p + p → p 0.161 0.15± 0.003 [65]
0.161 0.124± 0.009 [67]
p + p → p 0.160 0.147± 0.0035 [65]
0.160 0.123± 0.01 [67]
17.29 p + p → Λ 0.0219 0.017± 0.0004 [54]
p + p → Λ 0.0065 0.0057± 0.0002 [54]
23.79 p + p → Λ 0.0227 0.0132± 0.003 [57]
p + p → Λ 0.0105 0.010± 0.003 [57]
27.45 p + p → Λ 0.0233 0.0091± 0.0015 [60]
p + p → Λ 0.0116 0.017± 0.003 [60]
200. p + p → Λ 0.0454 0.0436± 0.0008± 0.004 [61]
p + p → Λ 0.0392 0.0398± 0.0008± 0.0037 [61]
900. p + p → Λ 0.0659 0.26± 0.01 [52]
7000. p + p → Λ 0.0987 0.27± 0.01 [52]
900. p + p → Λ 0.0659 0.108± 0.001± 0.012 [53]
7000. p + p → Λ 0.0987 0.189± 0.001± 0.022 [53]
17.29 p + p → Ξ− 0.000839 0.000799± 0.000095 [54]
p + p → Ξ+ 0.000236 0.000381± 0.000057 [54]
200. p + p → Ξ− 0.00542 0.0026± 0.0002± 0.0009 [61]
p + p → Ξ+ 0.00487 0.0029± 0.0003± 0.006 [61]
900. p + p → Ξ− 0.00942 0.011± 0.001± 0.001 [53]
7000. P + P → Ξ− 0.0159 0.021± 0.001± 0.003 [53]
P + P → Ξ− 0.0159 0.008± 0.001± 0.007 [69]
p + p → Ξ+ 0.0158 0.0078± 0.001± 0.007 [69]
200. p + p → Ω− + Ω+ 0.0000634 0.00034± 0.00016± 0.0005 [61]
7000. p + p → Ω− 0.00132 0.00067± 0.00003± 0.00008 [69]
p + p → Ω+ 0.00134 0.00068± 0.00003± 0.00008 [69]
Table 2. The experimental data on the inclusive density dn/dy of baryons and antibaryons produced
in pp collisions at different energies and their corresponding description by the QGSM.
In Fig. 6 we compare our QGSM calculations with the experimental data on the
rapidity dependence of the production cross section dσ/dy, integrated over the whole pT
range, of proton and antiproton production in pp collisions at two energies, 158 GeV/c [54]
and 400 Gev/c [62]. The full curve corresponds to the proton production and the
12
dashed curve to p production, both at 158 GeV/c [54], while the dashed-dotted curve
corresponds to p production and the dotted curve to p production at 400 GeV/c [62].
On the lower panel of Fig. 6, the Λ and Λ production cross section dσ/dy, at
158 GeV/c [54] and at 405 GeV/c [60] in pp collisions are compared with the results of
the QGSM calculations. The full curve corresponds to Λ production at 158 GeV/c and
the dashed curve to Λ production at the same energy, while the dashed-dotted curve
corresponds to Λ production and the dotted curve to Λ production, both at 405 Gev/c.
All curves for Λ and Λ production have been obtained with a value of λs=0.22. As one
can see in Fig. 6, the model calculations agree with the experimetal data.
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Figure 6: The QGSM results for (upper panel) the rapidity dependence of the production densi-
ties dn/dy of p and p at 158 GeV/c and 400 GeV/c, and their comparison with the experimental
data [54, 62], and for (lower panel) the Λ and Λ cross sections at 158 GeV/c and 405 GeV/c, and their
comparison with the experimental data [54, 60] (see the main text por the description of the different
curves).
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In Fig. 7 we compare the QGSM calculations for the rapidity dependence of the
inclusive cross section dσ/dy integrated over the whole pT range of Ξ
− and Ξ
+
produced
in pp collisions at 158 GeV/c [54]. Also here, the theoretical curves have been data
obtained by using the vaue λs=0.22. The full curve corresponds to Ξ
− production and
the dashed line to the production of Ξ
+
.
On the upper panel of Fig. 8 we show the data on the inclusive density (1/nev)dn/dy
for Λ [52, 53] and Ξ− [53] hyperons production at both 0.9 and 7 TeV. Here it has to
be noticed that the data by ATLAS [52] and CMS [53] collaborations at LHC energies
0.9 and 7 TeV are inconsistent with each other, and, in particular, the ATLAS data
show a weak energy dependence, while the CMS data would indicate a significantly
stronger energy dependence.
As one can see in Fig. 8, the QGSM calculations are in a satisfactory agreement for
the cases of Λ production at 0.9 TeV and for Ξ− production, both at 0.9 and 7 TeV,
and they are below the experimental points for Λ production at 7 TeV.
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Figure 7: The QGSM results for the rapidity dependence of the inclusive cross section dσ/dy of
Ξ− and Ξ
+
productions in pp collisions at 158 GeV/c, and their comparison with the experimental
data [54]. The full curve corresponds to Ξ− and the dashed curve to Ξ
+
production.
On the lower panel of Fig. 8 we show the experimental data on rapidity dependence
of ratios of Λ/Ξ− densities at 0.9 and 7 TeV [53] and their comparison with the corre-
sponding QGSM results. The QGSM reasonably reproduces both the values and the
rapidity dependences of the Λ/Ξ− ratios at the two energies.
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Figure 8: The rapidity dependence of (upper panel) the inclusive density (1/nev)dn/dy of Λ and Ξ−
hyperons production in the midrapidity region for pp collisions at LHC energies [53, 52], and of (lower
panel) of the ratio of yields of Λ/Ξ− hyperons at LHC energies [53] in the midrapidity region for pp
collisions [53]. The corresponding QGSM predictions are shown by the full curve (
√
s = 7 Tev) and
by the dashed curve (
√
s = 0.9 TeV).
3.2 The pA collisions
To perform the calculations corresponding to the case of proton-nucleus interactions we
have used the same values of the parameters ap, ap, and λs as for pp collisions, and we
also keep nmax= 23 (see subsection 2.3) to account for the inelastic nuclear screening
effects.
In Fig. 9 and Table 3 we compare the results of the QGSM calculations for the
A-dependences of p, p, and Λ, Λ, Ξ−, Ξ
+
, Ω−, and Ω
+
hyperons produced on different
nucleus targets with the corresponding experimental data [71, 72, 73, 74, 75]. The
QGSM results at 158 GeV/c are presented for all baryons. For Λ and Λ production
two sets of measurements at 158 Gev/c and at 200 GeV/c exist. At 158 GeV/c, the
full curves correspond to the production of baryons and the dashed curves to that of
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Figure 9: Comparison of experimental data on the A-dependence of midrapidity density dn/dy
(| y |≤ 0.5) of p, p, and Λ, Λ, Ξ−, Ξ+, Ω−, and Ω+ hyperons produced at 158 Gev/c and 200
GeV/c [71, 73, 74, 75], with the results of corresponding QGSM calculations (see the main text por
the description of the different curves).
antibaryons. The curves corresponding to the calculations at 200 GeV/c are very close
to those obtained at 158 GeV/c, and then not shown. The QGSM curves are here in
a reasonable agreement with the experimental data.
The experimental data on the rapidity density dn/dy(| y |≤ 0.5) for Λ, Λ, Ξ−,
Ξ
+
, Ω−, and Ω
+
hyperons productions at 158 GeV/c and for p and p production at√
s=5.02 TeV [70] in pPb collisions [71, 73, 74, 75] are presented in Fig. 10, together
with the corresponding QGSM predictions from fixed targets up to LHC energies.
Here, as in Fig. 5, the curves for p and p production and the CMS Collaboration ex-
perimental data on average (p+ p)/2 production in p+Pb collisions at
√
s=5.02 TeV [70],
have been multiplied by a factor 10 to make them distinct from the Λ and Λ case.
In Fig. 11 we compare the experimental data on the rapidity dependences of the
denstity dn/dy of p and p produced in pC collisions measured by the NA49 Collabora-
tion at 158 GeV/c [72], together with the corresponding QGSM calculations. The full
curve corresponds to p production and the dashed one to p production. The agreement
between the QGSM results and the experimental data shown in the figure is rather
good.
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√
s (GeV) Reaction QGSM Experiment dn/dy(| y |≤ 0.5)
17.2 p + C → p 0.0720 0.12157± 0.005 [72]
p + C → p 0.0285 0.02656± 0.0011 [72]
5020. p + Pb → (p+ p)/2 0.440 0.5± 0.05 [70]
17.2 p + Be → Λ 0.0241 0.0334± 0.0005± 0.003 [71]
p + Be → Λ 0.0107 0.011± 0.0002± 0.001 [71]
19.42 (200 GeV/c) p + Ar → Λ 0.0320 0.02± 0.01 [73]
19.42 (200 GeV/c) P + Xe → Λ 0.0413 0.03± 0.015 [73]
19.42 (200 GeV/c) p + Au → Λ 0.0450 0.05± 0.01 [74]
19.42 (200 GeV/c) p + Au → Λ 0.0193 0.0095± 0.01 [74]
19.42 (200 GeV/c) p + S → Λ 0.0306 0.06± 0.008 [75]
19.42 (200 GeV/c) p + S → Λ 0.0131 0.015± 0.003 [75]
17.2 p + Pb → Λ 0.0458 0.060± 0.002± 0.006 [71]
(m.b.) p + Pb → Λ 0.0173 0.015± 0.001± 0.002 [71]
17.2 p + Be → Ξ− 0.0011 0.0015± 0.0001± 0.0002 [71]
(m.b.) p + Be → Ξ+ 0.000482 0.0007± 0.0001± 0.0002 [71]
17.2 p + Pb → Ξ− 0.00217 0.0030± 0.0002± 0.0003 [71]
(m.b.) p + Pb → Ξ+ 0.000726 0.0012± 0.0001± 0.0001 [71]
17.2 p + Be → Ω− 0.0000434 0.00012± 0.00006± 0.00002 [71]
(m.b.) p + Be → Ω+ 0.0000155 0.00004± 0.00002± 0.00001 [71]
17.2 p + Pb → Ω− 0.0000749 0.00022± 0.00008± 0.00003 [71]
(m.b.) p + Pb → Ω+ 0.0000195 0.00005± 0.00003± 0.00002 [71]
Table 3. Experimental data for baryons and antibaryons production densities dn/dy (| y |≤ 0.5) in
proton-nucleus collisions at different energies, and the corresponding description by the QGSM.
In Fig. 12, the rapidity dependence of the production denstity of Λ hyperon in
proton collisions on Ar and Xe nuclei [73] (upper panel) and of Λ and Λ hyperons
produced in proton collisions on S and Au nuclei [74, 75, 76] (lower panel), all at
200 GeV/c, are compared with the results of the corresponding QGSM calculations.
The full curve on the upper panel corresponds to Λ production on Ar nucleus and the
dash-dotted curve to Λ production on Xe nucleus. On the lower panel, the full curve
corresponds to Λ production on Au nucleus, and the dash-dotted curve to Λ production
on S nucleus. Also on the lower panel, the dashed curve corresponds to Λ production
on Au nucleus and the dotted curve to Λ production on S nucleus.
One can generally affirm that QGSM results on the rapidity dependence of the
production densities dn/dy of hyperons in pA collisions are in a good agreement with
the experimental data at 200 GeV/c, as it is shown in figs. 11 and 12.
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Figure 10: The energy dependence of the baryon production density dn/dy(| y |≤ 0.5) in the
midrapidity region for pPb collisions. The experimental data for average proton production (p + p/2)
at 5.02 TeV are by the CMS Collaboration [70]. The experimental data on hyperon production were
measured by the NA57 Collaboration at 158 GeV/c [71]. The curves are the same as in Fig. 4.
4 Conclusion
The QGSM, based on the Dual Topological Unitarization, Regge phenomenology, and
nonperturbative notions of QCD, provides a reasonable description of strange and
multistrange hyperons production, as well as of the production of their corresponding
antiparticles, both in pp and pA collisions for a wide range of energies, by including into
the analysis the contribution of String Junction diffusion and the inelastic screening
corrections.
It is important to note that in the QGSM the extension of the calculations of the
hyperon (antihyperon) productions from pp collisions to proton-nucleus collisions does
not require any additional model parameters. The accuracy of our calculations can be
estimated to be on the level of ∼ 15%.
The values of the parameters ap and ap in the model obtained from previous calcula-
tions at lower energies are now confirmed by the good description of p and p production
at higher energies. The estimation of the production of all hyperons and antihyperons
is governed by the value of only one parameter λs, which is the same for every unit
of strangeness, but that it depends on energy from the value λs=0.22 at fixed target
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Figure 11: The rapidity dependence of the production denstities of p and p baryons produced in
pC collisions measured by the NA49 Collaboration at 158 GeV/c [72], together with the results of the
QGSM calculations. The theoretical curves correspond to those in Fig 4.
energies, up to λs=0.32 at LHC energies. In the present paper we do not present any
parametrisation of the energy dependence of the value of the parameter λs(E), since
amount of experimental data is not enough yet to check up this behaviour.
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hyperon produced in proton collisions on Ar and Xe nuclei [73] (upper panel) and of Λ and Λ hyperons
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